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(54) Clock recovery circuit with matched oscillators.. 

@ The circuit comprises a first and a second 
voltage-controlled osciiiator (4, 14) having iden- 
tical characteristics. The first oscillator (4) is 
incorporated into a frequency synthesis loop (3) 
in such a way as to oscillate, in response to a 
first control voltage (V^, at a frequency equal to 
a reference frequency multiplied by a number N, 
The second voltage-controlled oscillator (14) is 
incorporated into a phase tracking loop (13) 
which, when it is activated, locks its oscillation 
phase relative to that of the received data signal 
(SD). The second oscillator (14) delivers the 
recovered clock signal (CLK2), A comparator 
(20) determines whether the frequency of the 
second oscillator (14), divided by N, satisfies the 
condition of not deviating from the reference 
frequency by more than a predetermined limit 
value, The phase tracking loop (13) is activated 
only when the said condition is satisfied, and 
the first control voltage (Vj) is fed to the control 
input of the second osciiiator when the said 
condition is not satisfied, 
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The present invention relates to a dock recovery 
circuit for synchronizing the reception of a serial dig- 
ital transmission, 

For the synchronous {or even asynchronous) 
transmission of a serial digital data signal, the send- 5 
ing unit includes a generator of a serial clock signal 
used for coding and serializing the data., So as to syn- 
chronize correctly the decoding and deserializing of 
the received data, the receiving unit must also include 
a cfocksignal generator, the vafue of the frequency of 10 
which is a faithful image of the actual line bit-rate on 
the transmission channel., The clock signal generator 
of the receiving unit comprises a phase-locked Joop 
(PLL) whose voltage-controlled oscillator provides a 
clock signal reproducing the frequency of the bit rate 15 
of the received data signal,, Usually, the coding of the 
data is of NRZ or NRZI type, which, apart from the ad- 
vantage of producing a signal having a minimum use- 
ful passband and a stable line mean value, achieves 
a sizeable density of transitions so as to facilitate 20 
phase-locking on reception., However, sequences 
may survive during which the signal received exhibits 
few transitions, making phase-locking on reception 
very difficult or even impossible, Since the pull-in 
range of this locking is then directly proportional to 25 
the density of transitions of the data signai received, 
it is seen that it is necessary forthe voftage-controlied 
oscillator to oscifiate at an initial frequency very sim- 
ilar to that to be extracted , 

It is appreciated that it is difficult to construct a 30 
voltage-controlfed oscillator having characteristics 
specified with a high degree of accuracy., The varia- 
tions resulting from the manufacturing process and 
the in-service temperature variations introduce an 
u ncertainty as regards the precise values of the char- 35 
acteristic parameters, On the other hand, integration 
techniques make it possible to construct, within the 
same integrated circuit, two oscillators having very 
similar characteristics. 

This well-known principle has already been ex- 40 
pioited in order to construct clock recovery circuits 
using two integrated and identical oscillators, by the 
master and slave technique, For example, the article 
"ABiCMOS Receive/Transmit PLL Pair for Serial Data 
Communication" by B L, Thompson and H.S, Lee, 45 
published in Proa of the IEEE Custom Integrated Cir- 
cuits Conference, 1992, pages 29.6.1-29,6.5, de- 
scribes a circuit containing matched master and slave 
oscillators The master oscillator forms part of a fre- 
quency synthesis loop,. Its output frequency, divided so 
by N, is compared with a reference frequency provid- 
ed by a quartz, The control voltage forthe master os- 
cillator is obtained by low-pass filtering of the signal 
representing the difference of the compared frequen- 
cies, The slave oscillator forms part of a phase track- 55 
ing loop . The phase of its output signal is compared 
with that of the received data signal. The difference 
of the compared phases is subjected to low-pass fil- 


tering so as to provide a fine correction voltage. This 
fine correction voltage is superimposed on the con- 
trol voltage for the master oscillator to form the con- 
trol voltage for the slave oscillator, The output signal 
from the siave oscillator constitutes the recovered 
clock signal. 

A drawback of the above clock recovery circuit is 
the fact that permanent application of the master os- 
cillator's control voltage to the input of the slave os- 
cillator induces phase fluctuations in the recovered 
clock signal , Indeed, the comparator of the frequency 
synthesis loop is of the "phase/frequency" type and 
generates, when balanced, spurious pulses (glitches) 
at the reference frequency of the quartz which, even 
if integrated by the loop filter, modulate the retrieved 
clock frequency, This drawback is particularly sub- 
stantial for high transmission frequencies (typicafly 
greater than 100 MHz), and worsens the jitter of the 
recovered clock 

An object of the invention is to propose a clock re- 
covery circuit which meets the requirements of prac- 
tice better than the previously known circuits, espe- 
cially in the high-frequency region . 

The invention thus proposes a clock recovery cir- 
cuit as defined in Claim 1 .. 

As long as the recovered clock frequency does 
not stray too far from the desired frequency, equal to 
N times the reference frequency, the phase tracking 
loop is operational so as finely to tune the phase and 
frequency of the recovered clock signal to those of the 
data signal , In the event that an appreciable deviation 
is detected by the compar ison means, switching is ef- 
fected: the second oscillator receives the first's con- 
trol voltage, Since, in turn, the frequency synthesis 
loop is permanently locked onto the desired frequen- 
cy, the switching has the effect of bringing the phase 
tracking loop back towards this frequency. Such a de- 
viation giving rise to loop switching may be due to the 
fact that the second oscillator is not properly set up 
either at the start of the procedure for synchronizing 
reception, or immediately after a break in the trans- 
mission channel, entailing the sudden absence of the 
serial data signal and hence drop-out followed by 
drifting of the frequency of the oscillator of the track- 
ing loop, The first case corresponds to normal initial- 
ization of the circuit which, here, is done in two sta- 
ges: firstly, adjustment of the frequency while the 
second oscillator is receiving the first's control vol- 
tage and then, after switching, fine adjustment of the 
frequency and phase of the recovered clock signal 
under the action of the phase tracking loop. In the 
second case, the switching of the loops makes it pos- 
sible to avoid excessive drifting of the recovered 
clock frequency and, when the sending of the serial 
data signal is again effective, the phase tracking loop 
can be quickly operational so as to shift back into 
phase with the data signal, 

In the normal reception regime, the control voi- 
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tage formulated by the frequency synthesis loop is 
not fed to the input of the second voltage-controlled 
oscillator, Also, when switching loops, the recovered 
clock frequency very quickly approaches the desired 
frequency, so that the first control voltage will be fed 
to the input of the second oscillator for a short tfme 
only, The problems of noise and additional jitter which 
are encountered in prior circuits as explained above 
are therefore eliminated in large measure,. 

Furthermore, when the phase tracking loop is ac- 
tive, it does not interact directly with the frequency 
synthesis loop, This minimizes the problems of cross- 
talk and consequently improves the performance of 
the circuit, 

The clock recovery circuit according to the inven- 
tion also has the advantages of guaranteeing that the 
synchronization frequency is not erroneous, espe- 
cially is not a harmonic frequency of the desired fre- 
quency, of having a short acquisition time and of op- 
erating correctly independently of the temperature 
variations or variations resulting from the manufac- 
turing process,, 

When the clock recovery circuit forms part of a 
sending and receiving unit, it can afso generate the 
clocksignal for sending from this unit. This signal then 
consists of the output signal from the voltage- control- 
led oscillator of the frequency synthesis loop, 

Other features and advantages of the present in- 
vention will emerge on reading the description below 
of a non-limiting illustrative embodiment, with refer- 
ence to the appended drawings, in which: 

- Figure 1 is a diagram of an illustrative clock re- 
covery circuit according to the invention; and 

- Figures 2 to 4 are diagrams of comparators 
which can be used in the circuit of Figure 1 

The invention is described below in its application 
to bidirectional serial digital transmission,. The inven- 
tion does not depend on the format of the transmis- 
sion {FDD!, ATM etc) or on the mode of propagation 
of the data signals It relates to the production of clock 
signals CLK 1( CLK 2 at high frequency (f c typically 
greater than 100 MHz) which clock the sending and 
receiving of the serial data signals.. 

Referring to Figure 1, these clock signals GLKi 
and CLK 2 are delivered by a first voltage-controlled 
oscillator 4 and by a second voltage-controlled oscil- 
lator 1 4, respectively.. These oscillators 4,14 are con- 
structed within the same integrated circuit, for exam- 
ple from silicon, as are the other elements of the clock 
recovery circuit . During manufacture of the integrated 
circuit, the oscillators 4, 14 are constructed En the 
course of the same process steps, so that they have 
electrical characteristics which are as alike as possi- 
ble, It is appreciated that the matching of the charac- 
teristics, which is achieved in this way, may be excel- 
lent, 

The first oscillator 4 is incorporated into a fre- 
quency synthesis loop 3 which further includes a cir- 


cuit 5 for dividing by N, a phase and frequency com- 
parator 6 and an integrating filter 7„ The circuit 5 re- 
ceives the output signal from the oscillator 4, and div- 
ides its frequency by a number N., The binary output 
5 signal SN t from the circuit 5 is fed to an input of the 
comparator 6,. The other input of the comparator 6 re- 
ceives a binary reference signal SR provided by a 
crystal oscillator 10, The signal SR has a well-defined 
reference frequency f R fixed by the crystal,, 

10 For those quartz which are commonly used, the 

reference frequency f R is typically of the order of 20 
to 30 MHz., The value of the number N is chosen as 
the ratio yf R between the transmission frequency 
and the reference frequency, 

15 The phase and frequency comparator 6 has for 

example the composition shown diagrammatically in 
Figure 2.. It delivers two binary output signals U1 f Di, 
which are representative of the frequency difference 
and phase difference between the signals SN-,, SR 

20 which are received on its two inputs.. The comparator 
6 includes two dual-input NOR gates 31, 32 r respec- 
tively receiving the input signals SR and SNi on one 
of their inputs, and two triple-input NOR gates 33, 34, 
respectively delivering the output signals U t and D t , 

25 The output of NOR gate 33 is connected to the other 
input of NOR gate 31, and the output of NOR gate 31 
is connected to an input of NOR gate 33, The output 
of NOR gate 34 is connected to the other input of NOR 
gate 32, and the output of NOR gate 32 is connected 

30 to an input of NOR gate 34, The comparator 6 also in- 
cludes two RS-type flip-flops 36, 37, whose R inputs 
are connected respectively to the outputs of NOR 
gates 31, 32,. The Q output of the RS flip-flop 36 is 
connected on the one hand to another input of NOR 

35 gate 33, and on the other hand to an input of a four- 
input NOR gate 38 The Q output of the RS flip-flop 
37 is connected on the one hand to another input of 
NOR gate 34, and on the other hand to another input 
of NOR gate 38,. The other two inputs of NOR gate 38 

40 are connected respectively to the outputs of NOR 
gates 31 and 32.. The output of NOR gate 38 is con- 
nected to the third input of NOR gate 33, to the third 
input of NOR gate 34, and to the S inputs of the RS 
flip-flops 36, 37, The comparator 6 is sensitive to the 

45 rising edges of the input signals SR and SN,, and the 
outputs Ui and D : are active in the high state.. If the 
signal SR has a larger frequency than that of the sig- 
nal SN 1r only the output 1^ is active, the output re- 
maining permanently at 0, in this case, U 1 is set high 

so on a rising edge of SR and reset low on a rising edge 
of SN r , In the contrary case, since the circuit is sym- 
metric, only the output D t is active,, When the two in- 
put signals SR and SNi are at the same frequency 
and in phase, the two output signals U 1 and are in- 

55 active in the low state,, 

As Figure 1 shows, the output signals U 1 , D t from 
the comparator' 6 are used to control current genera- 
tors 39, 40,, In the case where the gain of the oscillator 
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4 is for example negative, the generator 39 is mount- 
ed in series with a resistor 41 between positive and 
negative supply terminals of the circuit, and conducts 
a specified current when is active, such as to re- 
duce the voltage on the positive input of the integrat- 
ing filter 7, in order to increase the frequency of the 
binary signal when Ui = 1 Similarly, the gener- 
ator 40 is mounted In series with a resistor 42 be- 
tween the supply terminals, and conducts the same 
current when is active, such as to reduce the vol- 
tage on the negative input of the integrating filter 7 in 
order to decrease the frequency of the binary signal 
SN^ when D t = 1 , 

The composition of the integrating filter 7 is illu- 
strated in Figure 1 . It includes a differential amplifier 
44 whose positive input is connected to the output of 
the generator 39 by way of a load resistor 45, and 
whose negative input is connected to the output of the 
generator 40 by way of a load resistor 46 of the same 
ohmic value as the resistor 45, The positive input of 
the amplifier 44 is also connected to the positive sup- 
ply terminal by way of a resistor 47 and a capacitor 48 
which are mounted in series, The output of the ampli- 
fier 44, which delivers the control voltage V<\ for the 
oscillator 4, is connected to its negative input by way 
of a feed back resistor 49 and a feed back capacitor 50, 
which have the same characteristics as the resistor 
47 and the capacitor 48 respectively . 

Thus, the frequency synthesis loop 3 produces a 
send clock signal CLK^ whose frequency f c is stable, 
and equal to N times the reference frequency f H „ 

The second oscillator 14 rs incorporated into a 
phase tracking loop 13 which furthermore includes a 
phase comparator 16, and an integrating filter 17. The 
comparator 16 has two inputs which respectively re- 
ceive the binary output signal S 2 from the oscillator 
14, and a signal SD* obtained by preprocessing the 
data signal SD received by the circuit . In the example 
represented, the data signal SD is in the NRZ format, 
and is preprocessed by means of a differentiator 55 
and a rectifier 56, so that the signal SD* fed to the in- 
put of the comparator 16 contains a positive voltage 
pulse with each rising or failing edge of the signal SD.. 

A basic diagram of the phase comparator 16 is 
represented in Figure 3.. It includes an inverting gate 

61 whose input receives the output signal S 2 from the 
oscillator 14, and whose output is connected to a ter- 
minal of a switch 62 . The other terminal of the switch 

62 provides an output signal U 2 from the comparator, 
The comparator 1 6 also includes a non-inverting gate 

63 whose input receives the output signal S 2 from the 
oscillator 14, and whose output is connected to a ter- 
minal of a switch 64, The other terminal of the switch 

64 provides an output signal D 2 from the comparator; 
The switches 62 and 64 are controlled by the data sig- 
nal SD*, in such a way as to be closed only when SD* 
= 1. Thus, the output signaE U 2 is in logic state 1 only 
wnen s 2 = 0 and SD* = 1, and the output signal D 2 is 


in logic state 1 only when S 2 = SD* = 1 . The phase dis- 
crepancy between S 2 and SD* is proportional to the 
difference of duty ratio between U 2 and D 2 . 

The integrating filter 17 of the phase tracking 
5 loop 13 is identical to that 7 of the frequency synthe- 
sis loop 3, and it exhibits the same characteristics., 
The load circuit of the filter 17 (current generator 69 
controlled by the output signal U 2 from the compara- 
tor 16 and associated with a resistor 71; current gen- 

10 erator 70 controlled by the output signal D 2 from the 
comparator 16 and associated with a resistor 72) is 
also identical to that of the integrating filter' 7 of the 
other loop (generators 39, 40 and resistors 41, 42), 
However, two switches 21 , 22 are present upstream 

15 of the filter 17,. The switch 21 is interposed between 
the current generator 69 and the load resistor of the 
positive input of the differential ampiif ier of the filter 
17,. The switch 22 is interposed between the current 
generator 70 and the load resistor of the negative in- 

20 put of the differential amplifier of the filter 17, 

The switches 21 , 22 are controlled by a binary se- 
lection signal SP, in such a way as to be closed when 
SP = 1, and open when SP = 0. The output of the in- 
tegrating filter 17, which is at a voltage V 2 , is connect- 

25 ed to the control input of the oscillator 14., Aswitch 23 
is also mounted between the respective outputs of 
the integrating filters 7 and 1 7„ This switch 23 is con- 
trolled by the logical complement of the signal SP, 
p rovided by a n in vertor 24 , 

30 Thus, when SP = 1 , the phase tracking loop 1 3 is 

activated (switches 21 and 22 closed), and the out- 
puts of the two integrating filters 7, 17 are isolated 
from one another (switch 23 open) . Conversely, when 
SP = 0, the phase tracking loop 13 is deactivated 

35 {switches 21 and 22 open) r and the control voltage V1 
provided by the integrating filter 7 of the frequency 
synthesis loop is fed to the control input of the oscil- 
lator 14 (switch 23 closed) , 

The output signal from the second oscillator 14 is 

40 also fed to the input of another circuit 15 for dividing 
by N which has a composition identical to that of the 
circuit 5, The output signal from the circuit 15 is fed 
to an input of a frequency comparator 20. The other 
input of the comparator 20 is connected to the refer- 

45 ence oscillator 10 so as to receive the reference sig- 
nal SR, The comparator 20 determines the frequency 
discrepancy between the signals received on its two 
inputs,, If this discrepancy, in absolute value, exceeds 
a predetermined threshold f s , the comparator 20 sets 

50 the selection signal SP into the state SP = 0 so that 
the switch 23 feeds the voltage V, to the control input 
of the second oscillator 14. On the other hand, if the 
discrepancy remains less than the threshold f s , the 
comparator 20 sets the selection signal SP into the 

55 state SP = 1 so as to activate the phase tracking loop 
13. 

Thus, when the frequency of the clock signal 
CLK 2 is between N(f R - f s ) and N(f R + f s ), the phase 
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tracking loop 13 is operational {V 2 controls the oscil- 
lator 14), And when the frequency of the signal CLK 2 
deviates by at least Nf s from the desired frequency 
Nf Rl the control voltage V 1 forces the oscillator 14 to 
return to the desired frequency. The oscillator 14 is 5 
thus guaranteed to remain at the proper frequency 
whilst also minimizing the interactions between the 
two loops 3, 13., 

The value of the frequency threshold f s is mainly 
dependent on the dynamic characteristics (pull-in 10 
range) of the phase tracking loop 13. The maximum 
tolerable discrepancy between f R and f s ([fRfs] in ab- 
solute value) must in all circumstances remain less 
than or equal to the minimum possible pull-in range 
of the phase locking 13., This discrepancy can be very 15 
small and is typically of the order of a few percent of 
the reference frequency f R . 

The capacitors of the loop filter 1 7 play a storage 
rofe during transitions of the signal SP from the 0 
state to the 1 state Indeed, when SP = 0, the two in- 20 
tegrating filters are polarized identically at their inputs 
(U1 = Di = 0 and the switches 21 and 22 are open) 
and at their outputs (the switch 23 is dosed and hence 
Vi = V 2 ) so as to ensure that the integrator capacitors 
of the filter 1 7 charge up to the same value as those 25 
of the filter 7„ The phase tracking loop 1 3 is thus cor- 
rectly set up frequency-wise at the instant of its acti- 
vation.. 

The oscillators 4, 14, and the circuits for dividing 
by N 5, 15 are conventional digital counting subcir- 30 
cuits., Their composition can for example by such as 
described in the article "A BiCMOS Receive/Transmit 
PLL Pair for Serial Data Communication" cited in the 
introduction.. 

Since the frequency comparator 20 essentially 35 
performs low-frequency pulse counting (at the refer- 
ence frequency), it may readily be constructed using 
CMOS technology (complementary metal-oxide- 
semiconductor) and thus not substantially increase 
the static consumption of the circuit as a whofe. 40 

The composition of the comparator 20 may be 
such as illustrated in Figure 4., This comparator 20 
comprises an eight-bit counter 75 which counts the 
pulses (rising edges) of the output signal SN 2 f rom the 
divide by N circuit 15 and a seven-bit counter 76 which 45 
counts the pulses {rising edges) of the reference sig- 
nal SR. The counter 76 operates as a divider by 128: 
only its most significant bit D[6] is extracted as output 
signal from the counter. The digital layout in the coun- 
ter 76 is such that this bit D[6] passes from 0 to 1 with 50 
each overflow of the counter. The output signal from 
the counter 76 is fed to a combinatorial logic element 
79 which comprises two D-type flip-flops 80, 81, an 
inverter 82, and a dual-input AND gate 83. The D input 
of the flip-flop 80 is connected to the output of the 55 
counter 76, and its clock input receives the signal SN 2 
via the invertor 82 The Q output of the flip-flop 80 is 
fed on the one hand to the D input of the other flip- 


flop 81 , and on the other hand to an input of the AND 
gate 83, The clock input ofthe flip-flop 81 receivesthe 
signal SN 2 , The inverted Q outputfrom the flip-flop 81 
is fed to the other input of the AND gate 83, in this 
way, the combinatorial logic element 79 provides a 
pulse of logic level 1 at the output of the AND gate 83 
with each overflow ofthe counter 76, The frequency 
of these pulses is therefore equal to the reference fre- 
quency f R divided by 128, and their duration is equal 
to a half-period ofthe signal SN 2 , 

The output of the AND gate 83 is connected on 
the one hand to a reset input of the counter 75, and 
on the other hand to the respective reset inputs of two 
D-type flip-flops 86, 87 The eight-bit output from the 
counter 75 is fed to a state decoder 89, which delivers 
two state signals X 1t X 2 fed respectively to the clock 
inputs ofthe D flip-flops 86, 87, The decoder 89 is an 
arrangement of logic gates which is such that the 
state signal X 1 is at logic level 1 when the eight- bit out- 
put from the counter 75 represents the number 127- 
k and in logic state 0 otherwise, and thatthe state sig- 
nal X 2 is in logic state 1 when the eight- bit outputfrom 
the counter 75 represents the number 127+k and in 
logic state 0 otherwise, The decoder 89 comprises 
two assemblies 91 , 92 of eight logic gates each, each 
gate operating on one of the bits of the output from 
the counter 75,, The assembly 91 comprises an invert- 
ing gate for each bit equal to 0 when the output from 
the counter 75 is equal to 127-k, and a non-inverting 
gate for the other bits, Similarly, the assembly 92 
comprises an inverting gate for each bit equal to 0 
when the output from the counter 75 is equal to 
127+k, and a non-inverting gate for the other bits . The 
eig ht output bits from the assembly 91 are fed respec- 
tively to the eight inputs of an AND gate 93 whose out- 
put delivers the signal X v , The eight output bits from 
assembly 92 are fed respectively to the eight inputs 
of an AND gate 94 whose output delivers the signal 
X 2 , A programming logic element 95 is associated with 
the assemblies 91, 92 to allow selection ofthe bits to 
be inverted.. This makes it possible to choose the val- 
ue ofthe number k„ in the example represented, the 
programming logic element 95 receives two binary 
control signals C 1( C 2 , this making it possible to 
choose the number k from four values, for example k 
= 1,2, 3 or 4.. 

The D inputs of the flip-flops 86 and 87 are main- 
tained permanently In logic state 1 .. The two inputs of 
an AND gate 96 respectively receive the Q output 
from the D flip-flop 86 and the inverted Q outputfrom 
the D flip-flop 87, The output SF from the AND gate 
87 is fed to the D input of a D-type flip-flop 97 The 
clock input of this D flip-flop 97 is connected to the 
output of the counter 76 , Its Q output delivers the se- 
lection signal SP, 

With the comparator 20 described above, the out- 
put signal SF from the AND gate 96 is equal to 1 in 
the time interval between the moment at which the 
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output from the counter 75 becomes equal to 127-k 
and the moment at which this output becomes equal 
to 127+k, and 0 outside of this interval,, if overflow of 
the counter 76 occurs during this interval {that is to 
say if the frequency discrepancy between the signals 
SN 2 and SR is less than the threshold f s ) r the output 
SP from the D flip-flop 97 is latched in the 1 state, On 
the other hand, if overflow of the counter 76 occurs 
outside of the interval in which SF = 1, the selection 
signal SP is latched to the 0 state, 

The value of the frequency discrepancy threshold 
f s is determined by the value of the number k selected 
by the programming logic element 95 as a function of 
the commands C iT C 2 , and by the number of bits n of 
the counter 75 (it being noted that the counter 76 wifi 
generally have one less bit than the counter 75): f s = 
f R x k/2"- 1 , The values indicated in the above example 
(n=8, k=1 , 2, 3 or 4) therefore allow f s to be selected 
from the values 0,0078 x f R , 0,0156 * f R , 0..0234 x f R 
and 0,312 x f R , 


Claims 

1,. Clock recovery circuit for synchronizing the re- 
ception of a serial data signal (SD), comprising a 
first and a second voftage-cont rolled oscillator 
(4, 14) having substantially identical characteris- 
tics, wherein the first voltage-controlled oscillator 
(4) is incorporated into a frequency synthesis 
loop (3) in such a way as to oscillate, in response 
to a first control voltage (V t ), at a predetermined 
frequency (f c ) equal to a reference frequency (f R ) 
provided by a reference oscillator (10) multiplied 
by a number N, and the second voltage-control- 
led oscillator (14) is Incorporated into a phase 
tracking loop (13) which, when it is activated, 
locks the oscillation phase of the second voltage- 
controlted oscillator (14) relative to that of the re- 
ceived data signal (SD), the output signal from 
the second voltage-controlled oscillator (14) con- 
stituting the recovered clock signal (CLK 2 ), char- 
acterized in that it further comprises comparison 
means (20) for determining whether the oscilla- 
tion frequency of the second voltage-controlled 
oscillator (14), divided by N, satisfies the condi- 
tion of not deviating from the reference frequency 
(fpj) by more than a predetermined limit value (f s ), 
and switching means (21, 22, 23) controlled by 
the comparison means (20) for activating the 
phase tracking loop (13) only when the said con- 
dition is satisfied, and for feeding the first control 
voltage (Vi) to the control input of the second vol- 
tage-controEied oscillator (14) only when the said 
condition is not satisfied.. 

2. Clock recovery circuit according to Claim 1 , char- 
acterized in that the frequency synthesis loop (3) 


includes a first integrating filter (7) whose output 
is connected to the control input of the first vol- 
tage-controlled oscillator (4), in that the phase 
tracking loop (13) includes a second integrating 

5 filter (17) whose output is connected to the con- 

trol input of the second voltage-controlled oscil- 
lator (14), in that the first and second integrating 
filters (7, 17) have substantially identical charac- 
teristics, and in that the switching means com- 

10 prise on the one hand at least one switch (21 , 22) 

included within the frequency synthesis loop (13) 
upstream of the second integrating filter (17), 
which is closed only when the said condition is 
satisfied, and on the other hand a switch (23) sit- 

15 uated between the respective outputs of the first 

and second integrating filters (7, 17), which is 
closed only when the said condition is not satis- 
fied, 

20 3„ Clock recover y circuit according to Claim 1 or 2, 
characterized in that the first and second voltage- 
controlled oscillators (4, 14) are embodied within 
the same integrated circuit 

25 4, Clock recovery circuit according to any one of 
Claims 1 to 3, serving also to generate a clock 
signal (CLK0 for sending another serial data sig- 
nal, characterized in that the send clock signal 
(CLKi) consists of the output signal from the first 

30 voltage-controlled oscillator (4)., 


40 


45 


50 


20 


6 


EP 0 654 907 A1 



7 


EP 0 654 907 A1 



EP 0 654 907 A1 



9 


EP 0 654 907 A1 


European Patent 
Office 


EUROPEAN SEARCH REPORT 


Application Number 

EP 94 40 2661 


DOCUMENTS CONSIDERED TO BE RELEVANT 


Category 


D,Y 


D,A 

Y 
A 


Citation of document with indication, where appropriate, 
of relevant passages 


3 
S 
52 

s 

o 


IEEE 1992 CUSTOM INTEGRATED CIRCUITS 
CONFERENCE, 

vol .. 34, 3 May 1992 BOSTON, 
pages 29 6.1-29.6 5, XP 000340984 
B L THOMPSON ET . AL *A BiCMOS 
Receive/Transmit PLL Pair of Serial Data 
Communication r 

* page 29.6.1, right column, line 29 - 
page 29.6.2, left column, line 23; figure 
1 * 

US-A-4 590 602 (W0LAVER) 

* column 4, line 27 - line 61 * 

* column 7, line 36 ■- column 8, line 8; 
figure 1 * 

PATENT ABSTRACTS OF JAPAN 

vol. 17 no. 359 (E-1395) ,7 July 1993 

& JP-A-05 055914 (NEC) 

* abstract * 

GL0BEC0M 1983, 

vol ., 1, 28 November 1983 SAN DIEGO, US, 
pages 447-455, 

H. MEYR ET AL, 'SYNCHRONIZATION DESIGN 
CRITERIA FOR A TOKEN RING 1 

* page 448, right column, line 1 - line 46 


Relevant 
to claim 


2-4 

1 
2 


CLASSIFICATION OF THE 
APPLICATION (lnt.CI.6) 


H03L.7/07 
H04L7/033 


* page 449, right column, line 22 
52; figure 2 * 


line 


../__ 


1,2 


The present search report has been drawn up for all claims 


TECHNICAL FIELDS 
SEARCHED (Inl.Ct6) 


H03L 
H04L 


Pi act AfHltti 

THE HAGUE 


tHtt of awpletloi of Me ie«rch 

20 February 1995 


Pieper, T 


CATEGORY OF CITED DOCUMENTS 

X ; particularly relevant if taken alone 

Y : particularly relevant if combined untb in of hex 

document of the same category 
A : technological background 
O ; non-written disdoswe 
P : htteraedtate iotument 


T : theory or prindple underlying Ihe invention 
E : earlier patent document, but published oa, or 

afta- the filing dale 
D : docunent cited In the applicatrt* 
L : document cited for other reasons 


£ : member of the same patent family, corresponding 
document 


10 


EP 0 654 907 A1 


European Patent 
Office 


EUROPEAN SEARCH REPORT 


Application Number 

EP 94 40 2661 


DOCUMENTS CONSIDERED TO BE RELEVANT 


Category 


Citation of document with indication, where appropriate, 
of relevant passages 


IEEE INTERNATIONAL SOLID STATE CIRCUITS 
CONFERENCE, 

vol . 27, 22 February 1984 NEW YORK US, 
pages 184-185, 

HAW-MING HAUNG ET AL.. 'A CMOS Ethernet 
Serial Interface Chip 1 
* page 184, left column, line 30 - line 
45; figure 2 * 


Relevant 
to claim 


1-4 


CLASSIFICATION OF THE 
APPLICATION (IntCL6) 


TECHNICAL FIELDS 
SEARCHED (Int. CI 6) 


The present search report has been drawn up for all clams 


Place ofteartk 

THE HAGUE 


D*e of w^toin ef lir toarrit 

20 February 1995 


Pieper, T 


o 


CATEGORY OF CUED DOCUMENTS 

X ' partiaiiaHy relevant if taken alone 

Y i parti culariy relevant If combined with another 

document of toe same category 
A t technological background 
O : non-written disclosure 
F : intermediate document 


T : theory or principle imderiving the invention 
E : earlier patent document, tut published on, or 

after the filing dar« 
D ; document cited in the application 
I i document cited for other reasons 

A : member of the same patent family, corresponding 
document 


11 


